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Impact of malnutrition on 12-month mortality following acute hip fracture 
 
JJ Bell, RC Pulle, A Crouch, SS Kuys, RL Ferrier, SL Whitehouse. 
 
Introduction 
  Studies investigating the relationship between malnutrition and post-discharge mortality following acute 
hip fracture yield conflicting results. This study aimed to determine whether malnutrition independently 
predicted 12-month post-fracture mortality after adjusting for clinically relevant covariates. 
 
Methods 
  An ethics approved, prospective, consecutive audit was undertaken for all surgically treated hip fracture 
inpatients admitted to a dedicated orthogeriatric unit (November 2010-October 2011). 12-month mortality 
data were obtained by a dual search of the mortality registry and Queensland Health database. Malnutrition 
was evaluated using the Subjective Global Assessment. Demographic (age, gender, admission residence) 
and clinical covariates included fracture type, time to surgery, anaesthesia type, type of surgery, post-
surgery time to mobilise, and postoperative complications (delirium, pulmonary and deep vein thrombosis, 
cardiac complications, infections). The Charlson Comorbidity Index was retrospectively applied. All 
diagnoses were confirmed by the treating orthogeriatrician.  
 
Results 
  322 of 346 patients were available for audit. Increased age (p=0.004), admission from residential care 
(p<0.001), Charlson Comorbidity Index (p=0.007), malnutrition (p<.001), time to mobilise >48hrs (p<.001), 
delirium (p=0.003), pulmonary embolism (p=0.029), and cardiovascular complication (p=0.04) were 
associated with 12-month mortality. Logistic regression analysis demonstrated that malnutrition (OR 2.4 
(95% CI 1.3-4.7, p=0.007)), in addition to admission from residential care (OR 2.6 (95% CI 1.3-5.3, 
p=0.005)) and pulmonary embolism (OR 11.0 (95% CI 1.5-78.7, p=0.017)), independently predicted 12-
month mortality. 
 
Discussion 
  Findings substantiate malnutrition as an independent predictor of 12-month mortality in a representative 
sample of hip fracture inpatients. Effective strategies to identify and treat malnutrition in hip fracture should 
be prioritised. 
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Introduction 
  Acute hip fracture is associated with sustained impaired physical and functional performance, transition to 
long term aged care, reduced quality of life, and substantially increased inpatient and 12-month mortality 1, 
2. Hospital treatment costs are estimated between $AU15000–19000 per admission with substantial 
ongoing community costs following discharge 3. Although the rate of hip fracture is decreasing, ageing 
populations infer a doubling or even tripling of disease burden over the next two to three decades 4. 
 
  Hip fracture inpatients are highly multi-morbid and require comprehensive care 4-6. A recent systematic 
review and meta-analysis concluded that special attention should be given to advanced age, male gender, 
nursing home or facility residence, poor premorbid mobility status, decreased functional state, higher 
anaesthetic risk, poor mental state, impaired cognition, diabetes, cancer or cardiac disease as pre-
operative predictors for mortality in hip fracture patients 7.  
 
  However malnutrition has been recently reported as both the most costly comorbidity and the comorbidity 
most likely to prolong hospital stay out of all inpatient comorbidities and complications in patients with acute 
hip fracture 8.  The failure of studies to consistently report a strong or independent association between 
malnutrition and post-discharge mortality in a representative cohort of hip fracture inpatients may have 
been hampered by selection and recruitment bias 9, 10, application of malnutrition diagnostic criteria that 
have demonstrated limited concurrent or predictive validity in this inpatient population 7, 9-13, lack of 
adjustment for clinically relevant demographic or clinical factors10, 14, or simply not considering malnutrition 
as a potential predictor of mortality 15, 16. 
 
  This study therefore aimed to investigate whether malnutrition independently predicted 12-month post-
fracture mortality in patients consecutively admitted to a dedicated orthogeriatric unit for surgical 
intervention of an acute hip fracture, after adjusting for clinically relevant covariates. 
 
Methods 
  An observational cohort study design was applied. Audit data were prospectively and consecutively 
collected by members of the multidisciplinary treating team using a standardised audit template for all 
patients admitted to an orthogeriatric unit in a public metropolitan hospital from November 2010 to October 
2011. There were no exclusion criteria; written patient consent was waived with ethics approvals obtained 
from The Prince Charles Hospital Human Research Ethics Committee (HREC/11/QPCH/9).  
 
  On admission demographic data collected included age, gender, usual place of residence and patient 
comorbidities. Age-adjusted Charlson Comorbidity Index scores were retrospectively applied to 
prospectively collected audit data according to the process described by Charlson et al17. Scores were 
dichotomised with values ≥5 considered to represent a high level of comorbidity 18. Time to surgery was 
defined as time from admission to the hospital emergency department to theatre. Type of surgery was 
documented during admission in the surgical notes. Anaesthetic notes were used to dichotomise patients 
who received either local and general anaesthesia; those receiving both were included in the general 
group.  Malnutrition was diagnosed during inpatient admission by one of two trained dietitians using the 
Subjective Global Assessment applied in line with the procedure described by Detsky et al; moderate (SGA 
B) and severe (SGA C) were subsequently collapsed into the ‘malnutrition’ category 19. Time to mobilise 
was defined as the time from surgery to the time to transfer from the lying position to standing and walking 
more than five metres, either independently or with the assistance of up to two people, a walking aid or 
within a standing hoist. This was recorded by the treating physiotherapist and dichotomised as less than 48 
hours or more than 48 hours to enable categorisation of delayed mobility. Medical diagnoses and 
comorbidities were confirmed by the orthogeriatrician in twice weekly multidisciplinary case conferences 
using clinical judgement.  Post-operative wound, respiratory, or urinary tract infections, deep vein 
thrombosis, pulmonary embolisms, and cardiac complications were clinically diagnosed with consideration 
of appropriate investigation modalities. Length of stay was calculated from time of admission to time of 
discharge from the unit. 12-month mortality data was obtained by combined electronic and manual 
searches of the Department of Justice, Births, Deaths and Marriages mortality registry and Queensland 
Health client database by an independent blinded evaluator. 
 
  All patients admitted to this unit underwent an orthogeriatric model of care which included preoperative 
orthogeriatric optimisation and postoperative management as described by Sivakumar et al  20. Routine 
nutrition care included routine high protein, appropriately textured diets and individualised nutrition care for 
all patients. 
 
  Data were analysed using SPSS version 22.0 (Chicago, Chicago, IL, USA). Independent sample t-tests or 
equivalent non-parametric t-tests were applied to evaluate the relationship between continuous variables 
and 12-month mortality; Pearson’s chi-squared or Fisher’s exact tests were applied for categorical 
variables. Clinically relevant variables significantly associated with 12-month mortality (where p<0.1) were 
then entered into a logistic regression analysis model to determine independent predictors of 12-month 
mortality. Entered variables were examined for collinearity; a tolerance of <0.2 or VIF of >3.0 was 
considered to indicate multicollinearity.  Statistical significance for all tests was set at 5%. 
 
Results 
  A total of 346 patients were admitted to the unit during the 12-month audit. Patients subsequently 
identified as not sustaining an acute hip fracture (including peri-prosthetic fractures and revisions; n=10), 
transferred to another hospital for definitive management (n=4), for conservative management or deceased 
prior to receiving surgical intervention (n=6) were excluded from analysis. An additional four patients had no 
data available and so were excluded. 
 
  The demographics of the remaining 322 patients are described in Table 1. This demonstrates an aged 
predominantly female, multimorbid patient population mostly admitted from the community setting. The 
median time to surgery was <48 hours, with a substantial median length of stay; 12-month mortality 
approached one-quarter of patients (Table 1). 
 
  The association between covariates and 12-month mortality are described in Table 2. Twelve-month 
mortality was significantly associated with demographic factors including age and admission from 
residential care. Malnutrition, higher Charlson scores, delirium, delayed mobility, pulmonary embolism, and 
cardiovascular complications were all positively associated with mortality. Increased length of stay was 
negatively associated with 12-month mortality.  Type of fracture, time to surgery, general versus spinal 
anaesthesia, postoperative infections, and deep vein thrombosis were not associated with 12-month 
mortality. Although numbers were relatively small, there was a low mortality observed in patients receiving 
THR compared with other surgical types. This sub-group was observed to have a lower median age (72.8 
vs 83.4 years), comorbidity (Charlson Score 4 vs 5), were less malnourished (24% versus 43.1%), and 
were also more likely to be admitted from the community setting (96.5% versus 72%). 
   Logistic regression analysis (unadjusted) was then applied to determine the impact of statistically and 
clinically significant factors on 12-month mortality. The optimal model correctly classified 78% of cases and 
was statistically significant (χ2=16.34; p=0.02).  The tolerance of all included variables was >0.2 and all VIF 
values were <3.0. Admission from a residential aged care facility, malnutrition, and pulmonary embolism 
predicted 12-month mortality independently of included covariates (Table 3). Age and length of stay were 
excluded from the final model; the former was included within the Charlson scores and the latter was not 
considered clinically relevant given the significant relationship between length of stay and admission from a 
residential aged care facility (10 versus 19 days; p<0.01).  
 
Discussion 
  This study demonstrates that malnutrition, pulmonary embolism and admission from a residential aged 
care facility independently predict 12-month mortality after adjusting for clinically relevant covariates. 
 
  Despite provision of individualised nutrition support and discharge planning as routine practice in this 
study, malnutrition more than doubled the odds of 12-month mortality in malnourished hip fracture 
inpatients. Malnutrition has been associated with poor patient and healthcare outcomes following acute hip 
fracture 21. The high cost of treating malnourished hip fracture inpatients is well established, and is 
supported by case-based reimbursement in the Australian context 8, 22. However existing hip fracture 
studies do not adequately consider malnutrition as a potential predictor of post-surgical outcomes 7, 16, 23-26. 
This is suggested to have impacted staff and patient prioritisation of treatment for malnutrition following 
acute hip fracture 27, has further diluted the attention given to malnutrition in relevant audit datasets and 
intervention guidelines, and consequently may continue to leave skeletons hiding in hospital closets 4, 28, 29. 
Consideration should therefore be given to the inclusion of malnutrition in audit datasets and treatment 
guidelines; although further evidence is required, the potential for multidisciplinary and/or multimodal 
interventions to reduce malnutrition incidence and improve outcomes in this patient population should also 
be considered 21, 30. 
 
  The independent association between admission from residential facility with 12-month mortality is not a 
novel finding. Although statistically significant, the large confidence interval for pulmonary embolism and 
the lack of significant findings for deep vein thrombosis suggest larger samples are required to adequately 
investigate the clinical relationship between venous thromboembolism and mortality following acute hip 
fracture.  
 
  Although increased medical comorbidities, delirium, delayed mobility, and cardiovascular complications 
were positively associated with 12-month mortality, these failed to independently predict mortality after 
adjusting for confounders. This may be attributable to the complex interplay between these factors following 
acute hip fracture 15, 31. Alternatively, the comprehensive care approach which prioritised timely pre- and 
postoperative management of comorbidities and complications and early multidisciplinary rehabilitation may 
have reduced their potential impact on post discharge mortality when compared with findings presented 
elsewhere 5, 7, 8, 20.  
 
  The type of anaesthesia patients received did not demonstrate a significant association with mortality; this 
is not a novel finding and may suggest optimal selection of anaesthetic treatment modality 32. Although type 
of surgical intervention was not associated with mortality, trends suggesting a lower mortality rate in 
patients receiving total hip replacement suggest adherence to recommendations to undertake this 
procedure for those demonstrating previous independent mobility, good cognitive status, and high 
likelihood of tolerating this extended procedure 4. Delayed surgery was not associated with increased 
mortality in this study and may suggest the prompt surgical intervention combined with appropriate surgical 
delay for medical optimisation of patients is of benefit. 
 
  The negative association between length of stay and inpatient mortality may have been related to an 
anecdotal tendency to discharge patients admitted from residential aged care facility patients earlier than 
those admitted from the community. Alternatively this may suggest the need to ensure adequate length of 
stay to maximise rehabilitation outcomes prior to discharge and limitations associated with relying on this 
outcomes marker in hip fracture populations33. 
 
Strengths and limitations 
 The prospective, consecutive nature of this study provided a robust audit of clinical practice for a highly 
representative sample of acute hip fracture inpatients inclusive of 12-month mortality follow-up. Although 
this study highlights a number of potentially modifiable predictors of mortality, it does not provide 
interventional evidence. However identification of both malnutrition and pulmonary embolism as 
independent predictors of 12-month mortality highlights need for their consideration in intervention 
guidelines, audit datasets and future research. Inclusion of other outcome parameters, particularly 12-
month place of residence would have been highly desirable, but were not available as part of the pragmatic 
dataset collected by the multidisciplinary team members within the constraints of routine clinical practice. 
Detailed operative parameters such as blood loss and surgical timing were not available for inclusion. The 
single site applied a comprehensive care approach including joint orthopaedic and geriatric management of 
all patients; this may limit findings to settings applying similar high standards of care focussing on pre and 
postoperative care and early rehabilitation. Trends in Table 3 may also suggest that the convenience 
sample may been inadequately powered to demonstrate statistical significance for additional covariates 
including wound infections, Charlson Comorbidity index, time to mobilise and cardiovascular complications.  
 
 This study has reiterated the association between medical comorbidities, delirium, delayed mobility, and 
cardiovascular complications with 12-month mortality in hip fracture inpatients. Findings also implicate 
admission from a nursing home and pulmonary embolism as independent predictors of 12-month mortality. 
The key study outcome highlights malnutrition as an often overlooked independent predictor of 12-month 
mortality in Australian hip fracture inpatients. Strategies to identify and treat malnutrition should be routinely 
considered in existing clinical audits, intervention guidelines and future research in this patient population. 
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Table 1: Demographic data for 322 prospective consecutively admitted hip fracture inpatients with surgical 
intervention. 
Demographic characteristics n= 322  
Median age years (range) 83.4  (48-103) 
Female n (%) 230  (71) 
Admitted from RACF n (%) 89  (28) 
Fracture type † 
Basocervical 
Undisplaced intracapsular  
Displaced intracapsular 
Subtrochanteric 
Trochanteric 
 
13 
48 
105  
29 
115 
 
(4) 
(15)  
(34) 
(9) 
(37.1) 
Median Charlson Comorbidity Index† (range) 5  (2-11) 
Median time to surgery days (range) 1  (0-32) 
General anaesthesia†n (%) 165 (52.9) 
Malnutrition prevalence‡ n (%) 127 (43.1) 
Delirium >24 hrs† n (%)  173 (54) 
Time to mobilise† > 48 hrs n (%) 137 (43.9) 
Cardiac complication n (%) 81 (25.6) 
Pulmonary embolism† n (%)  6 (1.9) 
Deep vein thrombosis†n (%)  3 (1.0) 
Wound infection† n (%)  11 (3.5) 
Respiratory tract infection† n (%)  75 (23.9) 
Urinary tract infection† n (%)  80 (25.3) 
Median length of stay days (range) 17   (3-65) 
Within unit mortality n (%) 11 (3.4) 
12-month mortality n (%) 77 (23.9) 
†<5% of data missing; ‡<10% of data missing 
Table 2: Covariates associated with 12-month mortality post acute hip fracture 
  Alive at     
12 months 
  Deceased at 
12-months  
 p 
Age years median (IQR) 82.3 (14) 85.6  (11) 0.004† 
Female n (%) 178 (73) 52 (68) 0.386 ‡ 
Admitted from RACF n (%) 49 (20) 40 (52) <0.001‡ 
Fracture type n (%) 
Basocervical 
Undisplaced intracapsular  
Displaced intracapsular 
Subtrochanteric 
 Trochanteric 
11
36
80
24
83
(5)
(15)
(34)
(10)
(36)
2
12
25
5
32
(3)
(16)
(33)
(7)
(42)
0.712‡ 
Charlson Comorbidity Index 5+  n (%) 145 (60) 59  (77) 0.007‡ 
Time to surgery days median (IQR) 1 (1) 1 (1) 0.720 † 
General anaesthesia n (%) 132 (55) 33 (45) 0.133 ‡ 
Surgery type n (%) 
     Cannulated Screws 
     Dynamic hip screw / Pin and plate 
     Intramedullary nail 
     Hemiarthroplasty 
     Total hip arthroplasty 
26
87
39
73
20
(11)
(35)
(16)
(30)
(8)
10
22
17
26
2
(13)
(29)
(22)
(34)
(3)
0.252 ‡ 
Malnutrition  n (%) 86 (38) 41  (62) <0.001‡ 
Time to mobilise >48 hours  n (%) 92 (38) 45 (63) <0.001‡ 
Delirium  n (%) 120  (49) 53 (69) <0.003‡ 
Pulmonary embolism  n (%) 2 (1) 4 (5) 0.029§ 
Deep vein thrombosis n (%) 3 (1) 0 (0) 1.000 § 
Cardiovascular complication  n (%) 55 (23) 26 (35) 0.040‡ 
Wound infection n (%) 8 (3) 3 (4) 0.772§ 
Respiratory tract infection n (%) 52 (22) 23 (31) 0.114‡ 
Urinary tract infection n (%) 63 (26) 17 (23) 0.546‡ 
LOS  days median (IQR) 17 (12) 14 (12) 0.012† 
† Mann-Whitney U-Test 
‡ Pearson Chi-Squared test 
§ Fishers exact test  
Table 3: Independent predictors of 12-month mortality 
     Odds ratio 
(95% CI) 
  p 
Admitted from RACF  2.6 (1.3-5.3) 0.005
Charlson Comorbidity Index 5+  1.4 (0.6-2.9) 0.430
Malnutrition   2.4 (1.3-4.7) 0.007
Delirium   1.0 (0.5-2.1) 0.901
Time to mobilise >48 hours 1.7 (0.9-3.4) 0.136
Pulmonary embolism   11.0 (1.5-78.7) 0.017
Cardiovascular complication   1.6 (0.8-3.2) 0.151
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